In this study, an integrated approach is presented for analyzing the impact of resilience engineering and ergonomics factors in aerospace supply chain using data envelopment analysis (DEA). The proposed approach selects the preferred supplier by considering traditional supply chain factors as well as resilience engineering and ergonomics factors. Also, the relevant performance efficiency of each decision making unit is calculated. The case study of this paper is the supply chain of real commercial airlines. Thus, the aerospace standards as well as resilience and ergonomics factors are considered to be modeled by the mathematical programming approach. 22 suppliers are evaluated by analyzing inputs and outputs through data envelopment analysis, and each supplier is considered as a decision making unit (DMU). In this study, the most effective factors are identified as "reliability", "Human resource management", "supplier's delay" and "availability". Also, "lead time" shows the highest potential for improvement. This study helps decision makers identify the weaknesses of their supply chain management to establish a performance improvement plan in aerospace industry.
Introduction
Supply chain management comprises managing production and supply procedures by considering the whole supply chain network from the beginning to the end of the product lifecycle. In recent years, organizations compete in an expanded competitive area due to the advancement in connection. Thus, designing and using supply chain networks in an economic manner have become more important. In this competitive business atmosphere, organizations' success depends on being aware of their strengths and weaknesses to perform continuous improvement programs. Therefore, a comprehensive assessment approach is required to achieve a precise image of organization. Supplier selection as a multi-criteria decision making problem plays a significant role in supply chain management success. According to its importance, several approaches have been proposed to solve supplier selection problem (Roshandel et al., 2013; Yazdani, 2014; Awasthi et al., 2010; Burtscher & Manser, 2012) .
The role of human factor in complex systems, such as supply chain management (SCM), is inevitable (Hale & Hovden, 1998; Kim, 2005; Paille & Boiral, 2013; Clegg, 2000; Serdarasan, 2013) . Khan et al. (2014) presented an integrated mathematical model taking into account human errors. Barnes and Liao (2012) studied the effect of individuals and network in SCM by considering human resource management. Human resources and other aspects of supply chain (SC) was investigated by Fung and Chen (2010) , Koulikoff-Souviron and Harrison (2006) , and Harrison (1999) . Ergonomics plays an important role to keep workers in optimum condition, allowing for the adequate flow of materials and information (Vink, 2006) . Ergonomics in supply chain has not received enough attention. Sinclair et al. (1995) discussed some of the ergonomics issues involved in simultaneous engineering from supply chains viewpoint. Azadeh et al. (2016) presented an integrated approach for examining the impact of macro-ergonomics factors in healthcare supply chain. The most effective macro-ergonomics factor is identified as "teamwork" issue.
Resilience supply chain is a provision to reduce customer perception of risks, however, there is no consensus on the definition of resilience (Elleuch et al., 2016) . The idea has motivated researchers and experts to explore the concept of resilience engineering and its applications in the field of supply chain. Ponis and Koronis (2012) examined resilience in various fields including ecology, psychology, organization, and supply chains. Pettit et al. (2013) referred to ecology, psychology, sociology, risk management, and network theory to define resilience in supply chains. Ponomarov and Holcomb (2009) presented an integrated perspective on resilience through an extensive review of the literature in a number of disciplines including developmental psychology and ecosystems. It is concluded that the key elements of supply chain resilience and the relationships among them, the links between risks and implications for supply chain management, and the methodologies for managing these key issues are poorly understood. Kim et al. (2015) conceptualized supply network disruption and resilience by analyzing the structural relationships among different entities in the network. They compared four fundamental supply network structures and according to the results, resilience improves when the structural relationships in a network follow the power-law. Cardoso et al. (2015) considered eleven indicators to assess the supply chains' resilience, which comprise network design, centralization and operational indicators. The goal was to provide managers what are expected operational impacts (measured by the operational indicators) by assessing the behavior of network and centralization indicators and their known resilience behaviors from the literature. Supply chain plays a vital role in aerospace and aviation industries, and therefore it has been considered from different points of view. Sinha et al. (2004) presented a generic prescriptive methodology for mitigating risks in an aerospace supply chain. The methodology provided a mechanism to minimize conflicting objectives. Emiliani (2004) discussed the use of online reverse auctions to source engineered components in global aerospace supply chains using online reverse auctions. Ziaei and Sadegh Amalnick (2016) studied three main aspects of aerospace supply chain disruption, which are "outsourcing and partnership", "limited buffers" and "poor planning and execution". Then aspects of these causes as well as related solutions for each one of them are explained.
According to the literature review, supply chain evaluation by incorporating ergonomics and resilience engineering factors has not been considered. In this study, an integrated approach is proposed for analyzing the impact of resilience engineering and ergonomics in aerospace supply chain management. It is shown how data envelopment analysis (DEA) enables decision makers to investigate multiple output/input in order to analysis supply chain performance and also identify factors significance. In order to investigate the applicability of the proposed approach, 22 suppliers of aerospace industry are taken into account as decision making units (DMUs). Cost, lead time, delay and backlog depth are considered as inputs whilst service level, resilience engineering and ergonomics factors are considered as outputs. In the following sections, resilience engineering and ergonomics are briefly presented.
Resilience engineering
Resilience engineering (RE) is trying to increase the ability to create processes that are robust and flexible to modify and monitor risk models. RE uses resources proactively in spite of interruptions or economic and production stresses (Hollnagel et al., 2008) . RE is the inherent ability of a system to continue its operations after a major disaster or in the presence of operational stresses. In this context, safety is defined as the capability of a company to succeed under unpredictable conditions. RE attempts to manage and understand everyday functioning to understand safety performance of a company (Woods & Hollnagel, 2006) . In a resilient system, ten main items have been identified from the literature that can be defined as follows (Hollnagel et al., 2007; Azadeh et al., 2014) -Top management commitment (TMC): Management's commitment to invest and allocate resources to improve RE. -Reporting culture (RC): The degree of encouraging reporting of improprieties, including safety problems and concerns of human resource. -Preparedness (PR): Plans and policies for handling and managing before and during disasters. -Flexibility (FL): Ability of a system to cope with complicated or new situation without needing to wait for management advices. -Redundancy (RD): Doubling of essential human resource or components to increase system dependability.
Macro-Ergonomics
Human factors are generally categorized into two domains including micro-ergonomics and macroergonomics. In this study, the most important and relevant macro-ergonomics factors are taken into account (Azadeh et al., 2014; Jahanshahloo et al., 2005) . Knowledge about situation assessment (situation analysis), human resource management culture, reliability and availability are selected as outputs.
Methodology
The proposed approach of this study for performance assessment of SCM systems and analyzing impact of presented factors is presented in Fig. 1 First of all, quantitative factors including cost, delivery time, delay, backlog, service level, availability and reliability are obtained from historical data. Related data for qualitative factors been gathered by questionnaire. Respondents must assign a number between 1 and 10 to each question (from 1: very low to 10: very high). Reliability of questionnaires is tested via Cronbach's alpha by using SPSS®. Inputs and outputs of DEA are identified and the preferred DEA model, among four input /output and VRS/CRS models, is selected based on maximum average efficiency. Based on the selected DEA model, efficiency scores of DMUs are calculated and the most efficient one is identified. Furthermore, sensitivity analysis is performed to identify the most important factors by applying DEA. The most influential factors are identified according to the greatest change by removing them are made to the efficiency scores. Finally, the average potential for improving the supply chain parameters is measured using average value of measured data and average value of calculated target value from the DEA model.
Data envelopment analysis (DEA)
DEA is a non-parametric model that has been introduced by Charnes et al. (1978) and Banker et al. (1984) . DEA simplify the comparison of different DMUs by constructing a single efficiency score for each unit by handling multiple outputs and inputs. The outputs and inputs might be in different dimensions. However a priori knowledge of weights of outputs and inputs is not required, managerial preferences can be applied when it is desired (Azadeh et al., 2013) . DEA identifies efficient and inefficient units to help decision makers for continuous performance assessment and improvement of their systems. According to the mathematical model proposed by Charnes et al. (1978) , the frontier generated by the method is a surface that follows the most efficient performers and shows the maximum combination of outputs obtained from a given level of inputs. Fig. 2 shows the empirical frontier created by DEA approach. It should be noted that the distance between each DMU's indicator and the efficient frontier is called slack. Decision makers provide improvement solutions to alleviate these slacks in order to reach the efficient frontier.
Fig. 2. Empirical and theoretical frontier.
In this paper, four well-known DEA models including constant returns to scale (CRS) and variable returns to scale (VRS) are applied (Charnes et al., 1978; Banker et al., 1984) . Input and output oriented VRS and CRS model are developed and compared to find the preferred model for evaluating and ranking DMUs.
Case study
Aerospace supply chain is becoming more complex as airlines are expanding their fleets' size and at the same time aged equipment must be replaced. Safety management and human resources have important roles in this industry. In this study, Iranian civil aviation organization is considered as a case study to access 22 suppliers that provide spare parts and services to the domestic airlines. After specification of four inputs and 13 outputs, the next step is data collection for 22 suppliers which is Table 1 . Required data for quantitative factors (cost, lead time, delay, backlog, service level, availability and reliability) are gathered from historical data. For qualitative factors standard questionnaires are designed and the managers and experts have completed them. In order to test the reliability of the questionnaires, as mentioned before, the Cronbach's alpha for each qualitative factor is calculated. The results of the reliability test as well as some descriptive statistics are reported in Table 2 . Based on the results, all factors had acceptable reliability levels, which is equal or greater than 0.7 (Nunnally & Bernstein, 1994) . At this stage, VRS and CRS models in the forms of input and outputoriented are applied to rank the DMUs. Table 3 shows the results of DEA models.
The preferred DEA model is the one with maximum average efficiency value. According to Table 3 , the preferred model is VRS output oriented, because this model has the largest value of efficiencies average in comparison to other three models. The results of sensitivity analysis are shown by Table 4 , Table 5 and Fig. 3 . Effect of resilience and ergonomics factors on system's efficiency reduction is investigated. In the proposed case study, "reliability" is the most important factor that could affect aerospace supply chain. Also, "Human resource management", "supplier's delay" and "availability" are among the most influential factors. Resilience engineering factors have satisfactory level which means managers and staff have enough knowledge about their job and they can assess and evaluate different situation properly (Plowman et al., 2007) .
Fig. 3. The importance of each macro-ergonomics indicator in the case study
As stated before, the slack values could be explained as potential for improvement. This analysis determines the influential factors that would help managers to propose the proper strategies by focusing on influential factors. The slack value for each factor is presented by Table 6 . According to the results, "lead time" has the most potential for improvement followed by preparedness and human resource management.
Conclusions
Aerospace supply chain is one of the most important divisions of this industry. This study proposed an integrated approach for assessing suppliers from resilience and ergonomics points of view. Impact of resilience and ergonomics factors on aerospace supply chain of an actual case study is also investigated. DEA has been used to find the preferred supplier as well as to distinguish the influential factors. According to the results of the case study "reliability", "Human resource management", "supplier's delay" and "availability" are among the most influential factors on aerospace supply chain. Furthermore, it is shown that "lead time" has the highest potential for improvement. The approach enables of aerospace decision makers to propose improvement plans to boost the supply chain taking into account resilience and ergonomics. In addition, strengths and weaknesses of supply chain and supplier selection process could be identified. For future studies, it would be interesting to introduce quantitative parameters to calculate the value of qualitative factors of this study. Using fuzzy DEA could also be applied to handle uncertain nature of qualitative approach.
